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(54) METHOD FOR CHECKING ACTIVE MATRIX SUBSTRATE 

(57)Abstract: 

PURPOSE: To check an active matrix substrate with a high 
precision and to easily correct a defect position by quickly and 
surely checking not only driving circuits and bus lines but also 
picture element transistors and checking them in the state of the 
active matrix substrate to surely specify the defective position. 
CONSTITUTION: Respective picture element transistors 4 in a 
pertinent row are turned on by selection of a gate bus line 1 ? and 
source bus lines 2 are successively selected in this horizontal 
scanning period to write prescribed video signals in respective 
picture element capacities 3 in order, and next, respective picture 
element transistors 4 in the pertinent row are made conductive by 
selection of the gate bus line 1, and respective source bus lines 2 
are successively selected in this horizontal scanning period to read 
out video signals held in picture element capacities 3 in order, and 
these read signals are checked to discriminate whether the active 
matrix substrate is defective or not. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the inspection approach of the active-matrix substrate which connected picture element 
capacity to each intersection of two or more scan signal lines and a data signal line formed by crossing 
in all directions through the switching element, respectively It is made to flow through each switching 
element of the line concerned by selection of this scan signal line, Once intercepting each switching 
element of ****** which writes a predetermined video signal in each picture element capacity in order 
by making sequential selection of each data signal line in the meantime It is made to flow through each 
switching element of the line concerned by selection of this scan signal line again, The inspection 
approach of the active-matrix substrate which includes reading in order the video signal held at each 
picture element capacity by making sequential selection of each data signal line in the meantime, and 
judging a quality by inspecting this read signal. 

[Claim 2] The inspection approach according to claim 1 by which at least one side of the data signal line 
drive circuit for driving the scan signal-line drive circuit and said data signal line for driving said scan 
signal line to said active-matrix substrate is prepared. 

[Claim 3] Writing and read-out of said video signal are the inspection approach according to claim 1 
performed through a video-signal terminal. 



[Translation done.] 
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2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the inspection approach of the active-matrix substrate 

in a liquid crystal display etc. 

[0002] 

[Description of the Prior Art] The configuration of the conventional active-matrix substrate which 
contained the drive circuit in a liquid crystal display is explained using drawin g 7 . A active-matrix 
substrate arranges the picture element capacity 103 and the picture element transistor (switching 
element) 104 in the shape of a matrix, respectively to each intersection of the gate bus line (scan signal 
line) 101 and the source bus line (data signal line) 102 by which a large number formation was carried 
out by intersecting a substrate side in all directions. Each gate bus line 101 is driven by the gate drive 
circuit 105, and controls ON/OFF of each picture element transistor 104 of the line concerned. The 
source bus line 102 is connected to one of the video-signal lines 108 through the analog switch 107 
which has ON/OFF controlled by the source drive circuit 106. Moreover, the source bus line 102 is 
connected to the picture element capacity 103 which corresponds through each picture element transistor 
104 of the train concerned, respectively. Furthermore, the addition capacity 109 is connected to each 
source bus line 102, respectively, and it is constituted so that the electrode of another side of each 
picture element capacity 103 and the electrode of another side of this addition capacity 109 may serve as 
the same reference potential with wiring 1 10. 

[0003] The above-mentioned active-matrix substrate sets to ON all the picture element transistors 104 of 
the line of the gate bus line 101 to which the gate drive circuit 105 outputted ON signal to each gate bus 
line 101 in order first, and this ON signal was outputted. Moreover, while ON signal is outputted to the 
gate bus line 101 of 1, the source drive circuit 106 outputs ON signal to each analog switch 107 in order. 
Then, a video signal is written in the picture element capacity 1 03 which was connected to the video- 
signal line 108 by which the source bus line 102 connected to the analog switch 107 used as ON 
corresponds, and was connected to the picture element transistor 104 set to ON through this source bus 
line 102. Moreover, while the gate drive circuit 105 is outputting ON signal to the gate bus line 101 of 
other lines, the video signal which did in this way and was written in the picture element capacity 103 is 
held when the picture element transistor 104 turns off. And if the gate drive circuit 105 finishes 
outputting ON signal to the gate bus line 101 of all lines, ON signal will be again outputted sequentially 
from the first line, and this actuation will be repeated henceforth. 

[0004] It depends for the permeability of liquid crystal on the actual value of the applied voltage 
between one period of this actuation. Therefore, in order to raise the display quality of a liquid crystal 
display, while fully writing a video signal in each picture element capacity 103, it is necessary to reduce 
leakage current as much as possible so that the charge of this picture element capacity 103 may be held. 
[0005] If the above-mentioned active-matrix substrate is after combining it with an opposite substrate 
face to face through liquid crystal and actually attaining the drive of it as a liquid crystal display, it can 
inspect the defect by optical inspection easily. However, when a active-matrix substrate is judged to be 
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poor in this condition, correction of a fault is impossible and, moreover, will already become as entire 
futility as an assembler with an opposite substrate. Therefore, a active-matrix substrate inspects in the 
phase which the formation process of picture element transistor 104 grade finished, and it is necessary to 
enable it to send out like an assembler with an opposite substrate, after correcting a fault, when possible. 

[0006] 

[Problem(s) to be Solved by the Invention] Then, in order to assemble such a active-matrix substrate and 
to inspect in front, it is possible to form the inspection circuits 1 1 1-1 14 as shown in drawin g 7 on a 
substrate. The inspection circuits 1 1 1 and 1 12 are circuits it was made to lead the output of the last stage 
of the shift register in the gate drive circuit 105 and the source drive circuit 106 to the inspection pads 
1 1 la and 1 12a. Therefore, if the gate drive circuit 105 and the source drive circuit 106 are operated 
carrying out the monitor of the output of these inspection pads 111a and 1 12a, the quality of these 
circuits can be inspected. 

[0007] Moreover, the inspection circuit 1 13 is a circuit which bundles up each gate bus line 101 through 
switch 1 13a, respectively, and was connected to inspection pad 1 13b. Furthermore, the inspection circuit 
1 14 is a circuit which bundles up each source bus line 102 through switch 1 14a, respectively, and was 
connected to inspection pad 1 14b. And as for these switches 1 13a and 1 14a, ON/OFF is controlled by 
the inspection pads 1 13c and 1 14c. If ON signal is impressed to inspection pad 1 13c, switch 1 13a is set 
to ON and it operates the gate drive circuit 105 in following, for example, inspecting the gate bus line 
101, defects, such as an open circuit, can be discovered with the output of inspection pad 1 1 3b. 
Moreover, if the suitable signal for the video-signal line 108 is added, ON signal is impressed to 
inspection pad 1 14c, switch 1 14a is set to ON and it operates the source drive circuit 106 in inspecting 
the source bus line 102, defects, such as an open circuit, can be discovered with the output of inspection 
pad 114b. 

[0008] However, this improved inspection approach only inspects actuation of the gate drive circuit 105 
or the source drive circuit 106, and the quality of the gate bus line 101 or the source bus line 102. 
However, in a active-matrix substrate, since a huge number of picture element transistors 104 are 
formed, the effect which it has on the yield on manufacture of the direction of the quality of this picture 
element transistor 104 will become larger. And since the inspection circuits 113 and 1 14 used for 
inspection of the gate bus line 101 or the source bus line 102 had Switches 1 13a and 1 14a, also when the 
process from which these transistors separate these switches 1 13a and 1 14a behind further that there is 
not little possibility of generating a defect was needed, there were. 

[0009] For this reason, by the above-mentioned inspection approach, the picture element transistor 104 
which accounts for the big rate of the cause of the defect of a active-matrix substrate cannot be 
inspected, but there is a problem that sufficient inspection cannot be conducted. And there is also a 
possibility of worsening the yield on the contrary according to the defect of the inspection circuit 113 
and 1 14 self, and it has inspection cost and the problem that it is attached highly. 
[0010] By beginning to read again the data once written in each picture element capacity, and 
investigating them in view of the above-mentioned situation, inspection of this invention is attained to 
the quality of a drive circuit or not only a bus line but a picture element transistor, and it aims at offering 
the inspection approach of a active-matrix substrate that moreover a fault is certainly detectable. 
[0011] 

[Means for Solving the Problem] In the inspection approach of the active-matrix substrate which 
connected picture element capacity to each intersection of two or more scan signal lines and a data 
signal line formed by the inspection approach of this invention crossing in all directions through the 
switching element, respectively It is made to flow through each switching element of the line concerned 
by selection of this scan signal line, Once intercepting each switching element of ****** which writes a 
predetermined video signal in each picture element capacity in order by making sequential selection of 
each data signal line in the meantime It is made to flow through each switching element of the line 
concerned by selection of this scan signal line again, By making sequential selection of each data signal 
line in the meantime, it includes reading in order the video signal held at each picture element capacity, 
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and judging a quality by inspecting this read signal, and the above-mentioned purpose is attained by 
that. 

[0012] It is desirable that at least one side of the data signal line drive circuit for driving the scan signal- 
line drive circuit and said data signal line for driving said scan signal line in said active-matrix substrate 
is prepared. 

[0013] As for writing and read-out of said video signal, it is desirable that it is made to carry out through 

a video-signal terminal. 

[0014] 

[Function] According to this invention, first, it is made to flow through each switching element of the 
line concerned by selection of a scan signal line, and a predetermined video signal is written in each 
picture element capacity in order by making sequential selection of each data signal line in the 
meantime. Then, a video signal is held as a charge like the time of the usual display at each picture 
element capacity. 

[0015] And after once intercepting each switching element, for example, writing a video signal also in 
each picture element capacity of other lines, again, it is made to flow through each switching element of 
this line by selection of the scan signal line concerned, and the video signal held at each picture element 
capacity is read in order by making sequential selection of each data signal line in the meantime. This 
video signal can be read from the video-signal line used at the time of writing. Moreover, this video 
signal is sequentially read for every picture element capacity currently held. 

[0016] Thus, the read video signal can detect the quality of actuation of the scan signal-line drive circuit 
which chooses the transit route of this video signal, or a data signal line drive circuit and the quality of a 
scan signal line, the quality of the data signal line which serves as a transit route at a list, and the quality 
of actuation of an analog switch or a switching element by inspection of comparing with the original 
video signal. And if the location on the read-out time series of the video signal with which abnormalities 
appeared is detected, the picture element capacity holding this video signal can be specified. The picture 
element transistor which followed, for example, became the defect when the defect of a switching 
element was the cause can be specified. Moreover, when abnormalities occur in the video signal which 
the specific line or the picture element capacity on a train held, the defect of the drive circuit for 
choosing the bus line on the path of the video signal, an analog switch, or its path can judge that it is the 
cause. 

[0017] Consequently, in the state of a active-matrix substrate, to the quality of a drive circuit or not only 
a bus line but a switching element, inspection which **(ed) in the actual drive condition is attained, and, 
according to the inspection approach of this invention, moreover, a fault can certainly be pinpointed 
now. 

[001 8] When the scan signal-line drive circuit or the data signal line drive circuit is not formed on the 
active-matrix substrate, the impression of a signal to each signal line at the time of conducting the above 
inspection is difficult. However, if the scan signal-line drive circuit or the data signal line drive circuit is 
formed on the same substrate, impression of a signal is easy and there is an advantage that there are few 
signal lines which should be prepared and they end. 
[0019] 

[Example] This invention is explained below about an example. 

[0020] The active-matrix substrate used as the subject of examination of this example arranges the 
picture element capacity 3 and the picture element transistor (switching element) 4 in the shape of a 
matrix, respectively to each intersection of the gate bus line (scan signal line) 1 and the source bus line 
(data signal line) 2 formed in the n line m train on the substrate side, as shown in drawing 1 . The picture 
element capacity 3 is for holding the video signal written in through the picture element transistor 4, and 
will drive liquid crystal with the charge of this video signal. Each gate bus line 1 is driven by the gate 
drive circuit 5, and controls ON/OFF of each picture element transistor 4 of the line concerned. 
Similarly this gate drive circuit 5 is controlled by a start signal, a clock, etc. from the outside while it is 
constituted by the shift register formed on the same substrate and driving it according to the power 
source from the outside. 
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[0021] The source bus line 2 is connected to the video-signal line 8 of either of three through the analog 
switch 7 which has ON/OFF controlled by the source drive circuit 6. Moreover, the source bus line 2 is 
connected to each picture element capacity 3 through the picture element transistor 4 of the train 
concerned. Furthermore, parasitic capacitance exists, when insufficient now, the addition capacity 9 is 
connected to each source bus line 2 if needed, respectively, and the electrode of another side of each 
picture element capacity 3 and the electrode of another side of this addition capacity 9 are connected to 
Touch-down GND with wiring 10. And a video signal can be held on the source bus line 2 with this 
parasitic capacitance and the addition capacity 9. Similarly the source drive circuit 6 is controlled by a 
start signal, a clock, etc. from the outside while it is constituted by the shift register formed on the same 
substrate and driving it according to the power source from the outside. Three video-signal lines 8 are 
signal lines which input the video signal of three primary colors each of RGB through terminal 8a, 
respectively from the exterior. Moreover, terminal 8b is used in order to input a checking video signal. 
In addition, 1 1 shows the parasitic capacitance on this video-signal line. 

[0022] It writes in drawin g 2 about the picture element capacity 3 of 1 in the above-mentioned active- 
matrix substrate, and the equal circuit of a read-out path is shown. This picture element capacity 3 is 
connected to the source bus line 2 through the picture element transistor 4 controlled by the gate bus line 
1 . The addition capacity 9 and the parasitic capacitance which is not illustrated exist in the source bus 
line 2. The source bus line 2 is connected to the video-signal line 8 through the analog switch 7 
controlled by the source drive circuit 6. Parasitic capacitance 1 1 exists in the video-signal line 8. And at 
the time of inspection of a active-matrix substrate, a computer 15 is connected with a buffer circuit 13 
and A/D converter 14 through a switch 12 at terminal 8a of the video-signal line 8. Moreover, a 
predetermined video signal is inputted into terminal 8b of the video-signal line 8 through a switch 16. In 
addition, 17 shows the parasitic capacitance of the checking circuit connected to terminal 8a. 
[0023] In inspecting the above-mentioned active-matrix substrate, as first shown in drawin g 3 , a switch 
1 6 is connected based on H level of a control signal Rw, and it inputs the alternating current pulse-like 
video signal R into terminal 8b. In addition, although the video signal R is shown on behalf of three 
kinds of video signals of RGB, other video signals can be inspected with the same procedure here. Next, 
if the gate signal with which the gate drive circuit 5 is operated and only 1 horizontal-scanning period 
(1H) serves as H level one by one at each gate bus line 1 (Yl-Yn) is sent, a video signal will be written 
in the picture element capacity 3 (P (1 1) - P (1 n)) of each line in order. And after a gate signal is sent to 
all the gate bus lines 1 and the scan of 1 vertical-scanning period (field) is completed, write-in actuation 
is completed. 

[0024] Only actuation of 1 horizontal-scanning period in the vertical-scanning period shown in this 
drawing. 3 is explained in more detail based on drawin g 4 . In addition, 1 horizontal-scanning period is 
80 microseconds here. The source drive circuit 6 is operated at each horizontal scanning period, a 
control signal (XI -Xm, however a drawing are shown every two for the video signal R) is sent to an 
analog switch 7, and this is made sequential [ ON ]. Then, the video signal from the video-signal line 8 
is charged by the addition capacity 9 grade of the source bus line 2 through this analog switch 7. 
Moreover, since the picture element transistor 4 of 1 connected to one which already intersects the 
source bus line 2 of the gate bus lines 1 serves as ON at this time, a video signal is written also in the 
picture element capacity 3 of the picture element concerned. However, although charge of the video 
signal to the source bus line 2 (Sl-Sm) is immediately performed with ON of an analog switch 7 as 
shown in drawing 4 , since the writing to this picture element capacity 3 (P (1 1) - P (m, 1)) through the 
picture element transistor 4 has the long time constant, it is continued even after an analog switch 7 
serves as OFF. Therefore, in order to secure the write-in time amount of the picture element capacity 3 
by which writing is performed at the last of 1 horizontal-scanning period, the allowances of sufficient 
time amount for a period until the source drive circuit 6 outputs the first control signal, and the period 
after outputting the last control signal are established. 

[0025] If a video signal is written in all the picture element capacity 3 as mentioned above, as shown in 
drawing 5 , while opening a switch 16 based on L level of a control signal Rw, a switch 12 will be 
connected, and it will enable it to output a signal to a buffer circuit 13 from terminal 8a. In addition, the 
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control signal Rw was not completely set to L level in fact so that next drawing 6 might explain, but it 
has repeated H/L at high speed. Moreover, the video signal R of terminal 8b is fixed to L level of Touch- 
down GND. Next, the gate signal with which the gate drive circuit 5 is operated and only 1 horizontal- 
scanning period serves as H level one by one at each gate bus line 1 (Yl-Yn) is sent. Then, the picture 
element transistor 4 connected to each gate bus line 1 to which the gate signal has been sent serves as 
ON, and the video signal currently held at the picture element capacity 3 concerned will be read to the 
source bus line 2. And after a gate signal is sent to all the gate bus lines 1 and the scan of 1 vertical- 
scanning period is completed, read-out actuation is completed. 

[0026] Actuation of 1 horizontal-scanning period in the vertical-scanning period shown in this drawin g 
5 is explained in more detail based on drawing 6 . The source drive circuit 6 is operated at each 
horizontal scanning period, a control signal (XI -Xm) is sent to an analog switch 7, and this is made 
sequential [ ON ]. Then, the video signal already read from the picture element capacity 3 to the source 
bus line 2 results in the video-signal line 8 one by one through this analog switch 7, and is sent to a 
buffer circuit 13 through terminal 8a and a switch 12. And the video signal Rr amplified in the buffer 
circuit 13 will be changed into a digital signal with A/D converter 14, and will be inputted into a 
computer 15. In addition, since the control signal (XI -Xm) which controls an analog switch 7 is 
outputted every two to the video-signal line 8, between the control signals of order, a certain amount of 
gap opens it. Then, whenever an analog switch 7 serves as OFF by each gap of this control signal, said 
control signal Rw serves as H level, and he switches switches 12 and 16, and is trying to eliminate the 
video signal which remained to the parasitic capacitance 1 1 of the video-signal line 8. 
[0027] By computer 15, while memorizing the digital video signal Rr sent by time series in 
predetermined memory one by one, this is compared with a predetermined pattern. And if there are no 
abnormalities in actuation of the picture element transistor 4 in the gate drive circuit 5, the source drive 
circuit 6, and analog switch 7 list and the open circuit etc. has occurred neither in the gate bus line 1 nor 
the source bus line 2, this video signal Rr serves as a periodic pulse as shown in drawing 6 , and 
judgment of being normal can be made. However, when some picture element transistors 4 do not carry 
out normal actuation, for example, it will be in the condition that the pulse of the correspondence 
location on the time series in a video signal Rr was missing, and this can detect the defect of a active- 
matrix substrate. Moreover, by detecting the location on the time series which this pulse in a video 
signal Rr lacked, the picture element transistor 4 with a defect can be specified, and the correction by 
laser etc. becomes easy by this. 

[0028] Moreover, according to the inspection approach of this example, writing and read-out of the 
whole active-matrix substrate can take the time amount of only 2 vertical-scanning period, and 
inspection can be completed in a short time for about 1/30 second. However, in an actual active-matrix 
substrate, the parasitic capacitance 1 1 of about 5-1 OpF and the video-signal line 8 is set [ the picture 
element capacity 3 ] to about about 10-20pF by the addition capacity 9 (parasitic capacitance is 
included) of about 0.2pF and the source bus line 2. Therefore, although it is possible for the read video 
signal r to be set to about 40mV, and to detect a perfect open circuit and leak when the video signal of 
5 V is written in, the case of being difficult produces detection of a delicate defect. Then, write-in read- 
out actuation of the video signal by the above-mentioned 2 vertical-scanning period is repeated about 10 
to 100 times, for example, a S/N ratio can be raised by carrying out sequential addition of the video 
signals read from the same picture element capacity 3 by computer 15, and detection of delicate defects, 
such as leak from which a time constant becomes comparable as the timing of a drive, can also be 
enabled. And by this case, the time amount which all inspection also takes **** is 1 /several seconds - 
about several seconds slightly, and can conduct efficient inspection. 

[0029] As explained above, according to the inspection approach of this example, a active-matrix 
substrate can be inspected now quickly to actuation of the drive circuits 5 and 6, a bus line 1, and the not 
only 2 grades but picture element transistor 4, and certainly. And since it inspects by actually writing a 
video signal in the picture element capacity 3, it can bundle up about all the functions accompanying the 
writing and maintenance of a video signal, and efficient inspection can be conducted. Moreover, if it is a 
defect for every picture element of picture element transistor 4 grade, this location can certainly be 
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pinpointed and, in the case of the defect of the drive circuits 5 and 6 or bus lines 1 and 2, that rejected 
region can also be presumed in a high precision by investigating distribution of the abnormality part 
generated in the read video signal. However, if attached to the drive circuits 5 and 6 for the increase in 
efficiency of inspection, inspection by other approaches may be carried out separately. 
[0030] In addition, although it is made to perform maintenance actuation of each picture element 
capacity 3 in this example whenever it considers as the alternating current pulse signal which reverses 
the video signal written in each picture element capacity 3 for every 1 horizontal -scanning period and 
the writing of one line is performed, this invention is not limited to such a drive approach, after it writes 
a fixed video signal in all the picture element capacity 3, it performs maintenance actuation, and can 
read a video signal one by one after that. 

[0031] Moreover, although considered as the configuration which connects checking switches 12 and 16 
and buffer circuit 13 grade to the exterior of a active-matrix substrate in this example, these circuits can 
also inspect by forming on the same substrate with the gate drive circuit 5 and the source drive circuit 6. 
The CMOS circuit by polysilicon SiTFT can constitute these switches 12 and 16. Circuits, such as an 
operational amplifier and a source follower, can constitute a buffer circuit 13. Moreover, if this buffer 
circuit 13 makes an input impedance higher than ON resistance of the picture element transistor 4, 
makes an input capacitance smaller than the picture element capacity 3 and makes [ more ] voltage gain 
desirably one or more than the ratio of the capacity (addition capacity 9) of the source bus line 2 to the 
picture element capacity 3, the high detection of precision of it will be attained. 
[0032] Furthermore, although this example explained using the active-matrix substrate which has three 
video-signal lines 8, this invention is not limited to this, and if it is the configuration which can remove 
the parasitic capacitance 1 1 by the control signal Rw shown by above-mentioned drawing 6 , no matter 
it may be what thing, it can be carried out. 

[0033] You may make it form the switch for refreshing potential in the equal circuit of drawin g 2 
between the source bus line 2 and a gland and between the input section of a buffer 13, and a gland. In 
this case, CMOSFET can constitute these switches like switches 12 and 16. 
[0034] 

[Effect of the Invention] Since according to the inspection approach of the active-matrix substrate of this 
invention a high inspection of precision can be attained, it can moreover inspect in the state of a active- 
matrix substrate, since it can inspect quickly to the quality of a drive circuit or not only a bus line but a 
picture element transistor, and certainly and a fault can certainly be pinpointed so that clearly from the 
above explanation, correction of a rejected region can also be made easily. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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